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Abstract; Distribution characteristics of soil heavy metals in the sewage irrigation area in Taiyuan were investigated and analyzed. The re—
sults showed that concentrations of nine heavy metals(Pb, Zn, Cu, Ni, Mn, Cr, As, Hg and Cd) detected in the studied soils did not exceed
the National Standard for Soil Environment Quality(GB 15618—1995), but they were higher than background values of Taiyuan soil. Accord—
ing to the correlation analysis of various heavy metals, there was a remarkable correlation among Pb, Zn, Cu, Ni, Mn, Cr, As and Cd, which
suggested they might have the same origin. Hg was considered as a dominant element causing soil heavy metal pollution in the area. The or—
der of typical heavy metal pollution extent was Hg>Cd>Pb>As>Cu>Zn>Cr>Mn>Ni. The mean value of single—factor indices of soil heavy met—
als in all soil samples has exceeded 1. Comprehensive pollution index of soil heavy metal was 2.81, the level of pollution was moderately pol—
lution. The single—factor polluted index and the synthesis polluted index had similar spatial distribution pattern which revealed high concen—
tration in the southeast and south—central parts of the region. Furthermore, measures, including factor analysis and in situ investigation, were
taken to identify the main sources of heavy metals contamination, and it showed that Hg contamination resulted from anthropogenic effect as
well as deposition of coal combustion. Cd, Zn, Pb, and Cu contamination were mainly from sewage irrigation, and atmosphere deposition also
makes certain contribution. Ni, Mn, As and Cr contamination were atiributed to sewage irrigation. Hg and Cd, which were the priority pollu—
tants, should be frequently monitored and closely regulated in the sewage—irrigated soils in Taiyuan city.
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KI5 HE X2 3 1 V5 8 7 50 5 T AR A Ky i
RISHER 2 —, KEE M H R R A THE R
FARE, FRARAEET1995—1997 X KR T3k 1+
H Cu,Cd.Cr.Zn.Mn Hg fl As 7 LR M & & 537
MR TS YR ISR E T TR 8T, 18 Cu,
Cd.Zn Hg THE BB T E LT RMA, Cdi5Y
B8, 15 R E AT 100%, %5 B 4E00111996—
2000 4EXF RIRH X HEP W ELSE & &S
SITRRHEEAT T 40T, 455R3%RH Hg . Cd & BT
X H IR, AR IR X — . X1 B3 12008 4FXF
Uri KRB+ Hg Cr 25404 . 154 RILAFFE
FU He S EE T INVES HEE REMPE LTS
SH, Cr S B 5T REMY, Hg 154445 Cr (54 ™&E,
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WEEF PR 1 B BR Ak 2 PR AR
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1.1 REXHER
KIFEHALFINTEE S, RE 111°30'~113°09',

b4 37°27'~38°25" , KT SRRt , #E LA
Wb E, Bem mIER 2760 m, HAKEIEIR 760
m, SAREJE IR ERE T BB SE, R
¥ 10.8 °C, 4F H BRATEL 2 550~2 870 h, 4E[ET &
376.2 mm, TLFEH 170 d, W[4y E Urm sk, -3k
RIDUA RS A8 2k 18 3 KIETH B975 7K B
FEEPIEFR NEMEIR 3 MK, KIETTEK
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Y EEA KRG R NE BRE. REmILrmn
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em TR B XCREE S BE ST . /NEX 50
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RS 2 M ERFEE BIRIX 35 NRARAES 3
NI EREEE  EHRE 50 MEL AL 4 NMFER
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L 1,

1 KEHWSER T RECRSERAEERSHE
Figure 1 Soil sampling sites of heavy metal investigation in sewage

irrigated area, Taiyuan City
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AR RT A 100 HJE e, A HNOs-H,0,
BB J5 M As.Cd.Cr.Cu.Ni.Pb .Mn.Zn & & ;
EIR-EhMRIR GV (AR 1:1) FHikBHiEE 2h
JE AT E HeW &, THAZW D Cd S RAASP-
JE T W e 1% 5 %E 5 Cr . Cu Ni,Pb Mn.Zn & &
KIG-TEF IR OETE B AE s As Hg & 82 F R 258
BRE o ATl ARET RIS MR R st Bra Ml 3y
F 25 VAR AUIGR EDSORE EA T R AR, S P ELS R
IR I 7E [ AR IS O B A SR e L o

13T SR 5 AR R GB 15618—1995
(AT FERIRE) B BAMEM KRN HEES
BITREERMEP(WER 1), RABRTIUEGE 1548505
Xt HIEE SRS Y T

Lo TREAE R A Grubbs BT S HEAIG. -
G3HT BG5BTy 22 40 SPSS11.5 52 AL, 1E
oAk 6 Origin Pro 52,

®1 XKETIHEESCRTEERE (ng k")
Table 1 Background values of heavy metals in the soil

environment(mg-kg™)

JE¥ Cu Zn Pb Cd Ni C Mn As Hg

HRfd 184 563 138 0.077 291 573 5050 7.6 0.033

2 ER5H5H

21 tEESRBRRENT

W A3-AFr AT 0, RS T T HE XA [ X I - v
SRBERSMENBER(E2), RACLEAR R R E
BN R ) AR HESEA TR H b . FHER 2 W] %0 Pb.
Zn . Cu.Ni Mn,Cr,As Hg.Cd & & 43 H7E 16.8~52.5,
52.4~259.0,14.9~48.9.17.8 ~46.7.409.0~926.0.48.0 ~

99.7.5.3~21.3.0.02~1.30.,0.11~0.45 mg kg™, ¥I 5 4 1F
THEERE R E R, B IMELESEY
{ER/MEIR A7 : Mn>Zn>Cr>Ni>Cu>Pb>As>Cd>Hg, 1H
MARIRXIRNE , RESRE Hg 5, /N5 X 1) 15
HERESERR, HRAWIMNBESESTEERA
K, Z2I/NER>FHEX>ERBENES . E4)E He
SEREBRHEXNER, ERE RN, P& &5 5
7 0.16,0.06 mg-kg', FAFIRX EE A L5
T KEWHE—RE ) EEXEM,
Hg 15 4B T BR8] -k M s FERE A 5%, Tk =
PEHERCHE B - R He 5 EZORE, R R
BT AR AR £ SR S T3 72 SR S L
HEK, T HEERBRA, RZ HEERHN KX
Hg )R R B K, 58] 137.80%,Cr F28 57 R 3L
B/, R 9.70%, V37 R REH KBVNITUT A
Hg.Cd.Zn As .Cu.Pb Ni Mn,Cr, N +IEFEELER
TRAPORE BT Hg 7 REEE SN, HAMA
BN, RUHESELSBREBUEN THZRBEEHK
/No

DIAHRITRE AN, B2 RIS R
HEIEM I B A RRYE Z — , 20 35 PR
H5EMEERMEZ -, @5 KET HERESRE
sEM L (£ 3), £ Pb.Zn.Cu.Ni . Mn.Cr.As,
Hg .Cd & BHBE S THRME(P<0.01), Hi, 13
Hg SR 5ERMEMNENRE AL, HPHERE R
ER) 2.7 75, L2 REM 40 544 L3 Cd
TREEERNTRMERN 24 /5, B/MENERER
1.4 %, Pb.Cd ## %N 100% ,Zn.CuMn.Cr.As )
bR FRERTE 94% L) |, He Ni AR50 5 2 89% .
72% W] 0, B F 1AM & AR A bk, 4R
15K, KR T X LR B A FRENE

R2 KEHSERRELRTESE S ERHE

Table 2 Content characteristics of soil heavy metal in sewaged—irrigation areas

X35 Pb Zn Cu Mn Cr As Hg Cd
INEX HETEE/mg kg 19.4~52.5 60.8~259.0 19.1~489  23.3~46.7 535.0~9250 67.3~99.7  8.0~21.3  0.02~0.18  0.12~0.45
¥l /mg kg 27.53 99.04 33.30 744.16 85.03 14.46 0.07 0.24
R REU% 22.50 29.26 18.49 12.05 7.31 17.10 41.83 31.51
TEX SENE/mg-kg? 19.0~404 524~102.0 14.9~419 17.8~412 409.0~926.0 48.0~939 53-~163  0.03~1.30 0.11~0.26
{8 /mg kg 26.36 80.00 27.93 628.29 76.92 10.39 0.16 0.17
AR 2% 17.64 13.43 18.12 15.29 11.87 22.48 129.83 19.32
HHRE SEHE/mg kgt 16.8~29.1 537~973 174~373 21.8~42.6 524.0-913.0 67.1~89.2  7.3~17.5  0.02~041 0.11~0.22
¥{E/mg kg™ 21.80 72.07 24.34 674.68 77.50 11.95 0.06 0.16
R REU% 13.08 15.75 21.00 14.94 6.84 20.87 105.33 16.38
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R3 IRESRESART I RESEERELR (mg ke™)
Table 3 The comparison between soil heavy metals with Taiyuan

soils background values(mg-kg™)

JGE Pb  Zn Cu Ni Mn Cr As Hg Cd

SEHME 25.11 84.11 28.59 33.69 688.39 80.14 12.47 0.089 0.189
HHH 13.80 56.30 18.40 29.10 505.00 57.30 7.60 0.033 0.077

&R BHAL,
22 SERIIESESETREANBEXSNT

T BRI S5 AR U | DA Bt o+ 85 e
MEREP SR TR THED  SBELSE LR
R DR, TTR AR B IR B,
ULEBATCR Bl — A R R R R E R, BT
A EERITR ZRIMMERME, W& R ESR TR
PP Z I AT 0T A3 BTaiREH (R 4),Pb,
Zn Cu Ni Mn.Cr,As.Cd Z [A] 4% B E M, PEBH K
JE T V5 HE X 3 Hax 8 AT E AT REEA AR IR,
FER B TV K BAE A 16 15 /K e 14 e AR
MV ABRE B AR 2 7= A B T R TS Ye5F . Heg 5 HAOTER [H

MR BE

F RG34 BT S —F Sk A B B 4B i G it
Jrs, AT HE— 20 W B AT AR AR , 151 ¥ Bk UK
HIRRE LA B B AR R R =X T TR DTS . X
9 MESBHITERS AR S), TERFHIH)
R4 ,Pb Zn Cu Ni Mn,As .Cd ZEFEF 1 (F1)H
B 8 R 14, Hg Pb 7ER 7 2 (F2),Hg 7E
¥ 3(F3),Cr 7E[HF 4(F4) 143 51 R B0 H 85 1Y
EH(F6),

S HEEAHE ,F1 4% Pb.Zn Cu.Cd,F2 {3
4 NiMn.As,F3 34 Cr,F4 {38 Hg(3 6),
23 FERRELIESESENTEITM

BRI 15 e 48 %) +3% Pb.Zn Cu,
Ni Mn.Cr.As Hg.Cd {75 YR E A TVEMY . BRI
Juis g2 BRI E M P R B E M —FiTE
5, B B0 R 1 S0 5 & (G, mg - kg ™) 5 HobR Bk
B HAH(Co, mg-kg™ ) FATXF H , VE AR T 1975 Y48
B(P)o AT AT E £ 8 1915 S E R AR k™

R4 AEHFEXIRECESENREREXRAY

Table 4 Partial correlations between heavy metal concentrations in the soils from sewaged—irrigation area in Taiyuan

Pb Zn Cu Ni Mn Cr As Hg Cd

Pb 1 0.832%* 0.745%* 0.580%* 0.375%* 0.241%* 0.293%x* 0.169 0.670%*
Zn 1 0.778%* 0.710%* 0.516%** 0.456%* 0.506%* 0.094 0.772%*
Cu 1 0.836%** 0.652%* 0.410%* 0.659%* 0.145 0.738%**
Ni 1 0.822%* 0.482%* 0.858%* 0.052 0.622%*
Mn 1 0.386** 0.766** 0.036 0.472%*
Cr 1 0.511%* -0.009 0.376%*
As 1 -0.055 0.448%*
Hg 1 0.062
Cd 1

¢ BEMHC AR n=135, BEHKF P<0.05);** B EMMC(FEALL n=135, BEWHKF P<0.01),

RSKEMTER T RESESENER S A

Table 5 Principal component analysis of heavy metal concentrations in the soils from sewaged—irrigation area in Taiyuan

o PIGRFHEAE FRIUE LR BRI E

WL WREe FBU5E%  WIHE  WREIEe RBUTE%  WEE WEEE% RBUTE%
1 5.219 57.985 57.985 5219 57.985 57.985 3.165 35.163 35.163
2 1.268 14.093 72.079 1.268 14.093 72.079 2.827 31414 66.577
3 0.912 10.131 82.209 0912 10.131 82.209 1.093 12.143 78.720
4 0.706 7.844 90.053 0.706 7.844 90.053 1.020 11.333 90.053
5 0.321 3568 93.621
6 0.235 2,610 96.232
7 0.170 1.892 98.124
8 0.097 1.075 99.198
9 0.072 0.802 100.000
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Table 6 The component matrix of principal component analysis of
heavy metal concentrations in the soils from sewaged—irrigation

area in Taiyuan

B iy T oy
1 2 3 4 1 2 3 4
Pb 0749 0517 -0.233 -0.051 0.923 0.144 -0.002 0.110
Zn 0872 0282 -0.211 0.094 0.864 0.305 0.233 0.026
Cu 0918 0.131 -0.002 -0.106 0.724 0.569 0.116 0.102
Ni 0927 -0202 0.119 -0.152 0487 0.817 0.179 0.023
Mn 0.780 -0.348 0.243 -0.267 0.249 0.889 0.081 0.030
Cr 0570 -0.309 0.050 0.752 0.196 0268 0.937 -0.009
As  0.783 -0.492 0.191 -0.098 0.187 0.886 0.277 -0.071
Hg 0.100 0.579 0.800 0.106 0.080 -0.007 -0.009 0.995
Cd 0799 0.262 -0.247 0.051 0.814 0272 0.179 -0.023

BRI 1),

BN TR BOA U BEX K — M E SR IT RS
QAT R, T LIRS ARSI ESELRES
TSRRBUY T IEA R Y L85 S b L 3 75
QRRRL, IR e SR B4 Bk R B R 15
B —RE T RS E AR TIEN e SR e 1
ok B A0 -

[p2 2
P %/g= Pave ';P MAX ( 1 )

K 2 P DR TI5 B RO IIME, Pua A5 R840
ARAH
TIEERPFRRI AR ER R 7,
DIHRITTR B RN S IR, AP IX
135 MREARE L O ME SR BRI T YLis
R LBEEN IR

Table 7 The classification standards of soil pollution evaluation

EgR 5 Py TTYEER 15YKF
I P ;<07 e I
I 07<P o<1 %BIR% S
i} 1<Pp<2 5§ TERFYEYIFHRZIGY
I\ 2<P,<3  HiG§ TN R PR Y
\ P >3 HGY TEEYHRGREHYE

BUEFZE B IS Y8 8UE, ST a5 R 3R 8

MF 8 F H, IR IS YA BOE LR A5 Yeds
Bk, RO ZAES R R EMRXFHESE,
Pb.Zn.Cu.Ni . Mn.Cr As Hg.Cd B35 5 L35 3 20
AL TG Rl 43 31K £ 1.22~3.80.,0.93~4.60.,0.81~2.66 ,0.61 ~
1.60.0.81 ~1.83.0.84 ~1.74.0.70 ~2.80.0.64 ~39.39.
1.38~5.88; AP FI5YLdg BI9E 7054 :1.83.1.49,
1.55.1.15.1.35.1.39.1.61.2.91.2.43, ¥jkF 1,

AT YRR R 2.81, HIEFFRZRISYL,
WFHEBYIKF, Hg i Cd RTS8 B0 i H
ST RTG Rt K B2 T IEE SRR T
5 Ye 8 BN K B /MK K H : Hg>Cd>Pb>As>Cu>Zn>
Cr>Mn>Ni, AT REEEMERE , B X WE
SRR E RS T/NVE X ERE, B F IR X >
INERSTERE, HUAHEBRINSRRE X LR SR
BB
3 iFig

A% H 3 T B A R 9 R R R 32 B B TR A 5 T
A, EEZAAEAR 255 A L R SUTREATS K HE S A
KIESIZ Y, LIS PE AL, X /NE X B IR
XAEREMN LIEE SR AH PR EMSG S
TSYHEBUEIAT T TR EER, Ui KR AT V5 HE X £+
BHEER IS MRHENRE, SR NE I AKX
JETT T AV 43 A 5 B0 A0 =5 B T 45 SR DA R 9,
AR H AT E5E

HF 1 K75 Cd.Zn . Pb F1 Cu WAL, MFE9
Al AEH,Cd Zn Pb Fl Cu ZERFSE X AR HR/INE X +
BRI TFREE AL L ,CdH 48.0% 1 1
FEATHRERERE  ESRE In M SEERERR,
1SYGRB P EEVS Y & LA b s Pb Cu 7 30% 754 3R
BT EBRRL L GBI RIRES L. HAe2
X Cd F 50.0% LA b et b T V5 Y Zn Pb
M Cu HAFREBYRUT o 1 BT R 1)
JREEEE: PR XN AREEER/INE b XA KRR

* 8 XKEHTEX LEESRITLITMN

Table 8 Pollution evaluation of soil heavy metal in in the soils from sewaged—irrigation area in Taiyuan

BTG RAER(P)

PR X - - o N v o - He cd GETRER(Pes) BREHFKF
NEKX 2.00 1.76 1.81 1.31 1.47 1.48 190 211 3.09 2.61 V%, Hi5ge
BHX 1.91 1.42 1.52 1.07 1.24 1.34 137 489 215 3.81 V&%, Ei5Y
HHRE 1.58 1.28 1.32 1.07 1.34 1.35 1.57 1.72 2.04 2.01 V&, $i5g
¥ifE 1.83 1.49 1.55 1.15 135 1.39 1.61 291 2.43 2.81 V&, sy




1558 RSCHESE RS HE X 1 SR 5 R 15 PRI

201148 A

® 9 XKETARSEX LRESR S REBSEIT ST

Table 9 Descriptive statistics of heavy metal pollution index in the soils from different regional of sewaged—irrigation area in Taiyuan

K RAR WH  PHE P= I<h=2 2R3 k>3
BB W RAR BE RERER R REAE BE
/NE X 50 P—p, 2.00 0 0 33 66 15 30 2 4
P, 1.76 0 0 44 88 4 8 2 4
P—, 1.81 0 0 37 74 13 26 0 0
P—y 1.31 2 4 48 96 0 0
P-y, 1.47 0 0 50 100 0 0
P—. 1.48 0 0 50 100 0 0
P-, 1.90 0 0 33 66 17 34 0 0
Py, 2.11 1 2 29 58 12 24 8 16
P—g 3.09 0 0 8 22 44 24 48
Py 2.61 0 0 18 30 60 11 22
HEX 35 P—p, 1.91 0 0 24 68.57 11 31.43 0 0
P, 1.42 1 2.86 34 97.14 0 0 0 0
P—, 1.52 1 2.86 31 88.57 3 8.57 0 0
P—y 1.07 12 34.29 23 65.71 0 0 0 0
P-y, 1.24 2 571 33 94.29 0 0 0 0
P—¢ 1.34 1 2.86 34 97.14 0 0 0 0
P-, 1.37 4 11.43 30 85.71 1 2.86 0 0
Py, 4.89 2 5.71 4 11.43 8 22.86 21 60
P—g 2.15 0 0 14 40 19 54.29 2 5.7
Py 3.81 0 0 10 28.57 11 3143 14 40
BHE 50 P-p, 1.58 0 0 49 98 1 2 0 0
P, 1.28 5 10 45 90 0 0 0 0
P—, 1.32 7 14 41 82 2 4 0 0
P—y 1.07 24 48 26 52 0 0 0 0
P-y, 1.34 0 50 100 0 0 0 0
P—, 1.35 0 50 100 0 0 0 0
P-, 1.57 41 82 7 14 0 0
Py, 1.72 12 24 32 64 3 6 3 6
P-4 2.04 27 54 23 46 0 0
P-sa 201 38 76 9 18 3 6

J7OKIREREENG) T AL PEE LY FILTE R L), XLk
Tl B35 7K HE R IBE 1 3 LA R it FAL AR A 2555
1 B/ME X Cd Zn Pb F1 Cu JE#m B A ; KIEMH
EHEX R Z L Cd.Zn.Pb & B R (/M Hb
X IR X, 1A 05 20 A 3 X — 2, R KK
H1 & Cd.Zn.Pb 75 Y4 (I8 UT Mt 2 28 AL/ X
Cd.Zn .Pb 15 YL P8 1) — N R

BHF 2 HICE Ni.Mn.As (944, MF=Z9 A4,
KIET V53 X 22 1+ 3 Ni Mn As EALFRETS
YR LIT, BAE/NEX As H 30% 1k s S FL
B, BRI P s Y, O R F ] RE S Ep YL
5K HEBOE I 5 6

¥ 3 ATTR Cr,Cr M5 44RE FRRER , ZE8T
FXEAREFREEY, WY SRR F 2R X
I B P HEBOE K R S e, BAR H AT KR +
B Cr 5§ AR08, HRATERE L Bl
i, Cr f9T5 Y AR PRTERR B b Anvi b itk — 25
A K, BT REATRER A Tk A R, KRR,
KNV KALFR) ™ b T Rk T KR T A
J SR AVE V5 YA F R T 3 X A6 E8 , KT
WAE S HRA T BRATIEAL X, Rt i AR AT AR Y
PR S, V5 e M R IR A A, BN TR
SIEEA TR R EM,

¥ 4 HITR He, Hg & KIS Qe ™ H A E
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SRILRZ —, ZAERE T H W, LR
Fe LT T P R ICHR ™, WK 9 TR
H, ORTSRR T AR B 4, JLPAE KT 50 X R
4 KR AR I P — R B ok TT 3, U

HRE AR ER IR X o 2, HOR /M X . JAGE
ﬁEE@jC_h Hg YRR R 1 He (SR —AE
FRA, Teie e Tl AR 2 Fa BRI, i FLR e 7
RIES5 o RIE IR e R AYBERE T X, RIS Hg
SYAELIRTRB ST A B, A R80T 1d8 He
TSR HNABSUT R 2 TAE . He T QLR T RABER ISP,
TV HEBORE 7K HE 8k St R T Y5 HE IX 4 Hg
TSR — D E BRI, e YR B AR IR X 5
DA LSRRI RIEASH—Hl) G40,
BR 24 IX 5 /IN ik XA R R IRERREN S 1l
PEEH MINTE RS Hg 5 44k T BRIX L] 5 &
A A RFERER 5C, Tolk =R A HER t 2 He 5 HLRIE
ZORI 7351, He 159 5IRE R RHEB AR AR
Fo NETTGHERX 13 He ISP EHE, Nz 1%
Hg 15 Y HAB0R B9 R, I AYI S LA il o

4 i
(DRIET{GH# X 3P E &R &80 25

K ,Pb.Zn . Cu.Ni ,Mn.Cr.As Hg #1 Cd & & #1H

4y Bk 25.11.84.11,28.59.33.69.688.39.80.14.12.47 .

0.089.0.189 mg kg™, A 1 - 3 R 55 o & A M

(GB 15618—1995) , HEF-H(EH B & = T AR +
BHSE.

(2)BF5E X -3 B 4 R B R 15 Yt e 5B Hh K 2
/NI A Hg.Cd . Pb,As . Cu.Zn,.Cr .Mn.Ni, HH Hg
A FEFLEE T, Cd AR EFRRE T, E N EET
Yu . H Yk~ Pb.Cu As, NP EI5YL,Zn Mn.Cr.Ni
A R EEY.

()P XA R TP a5 444E
Bk 2.72, FEF Hg Al Cd HYHLH T5 Qe85 508
L AR R TR R, SR A T PR BUE A B
(OREE Y S

(B EEEHAE 15 RIS ST B 8TE
RJEHT V5 XA AR B 25 [B] G A ks Ry , A3 A ka3
R B TR/ L DX A R R R XA X , R AR
FREAXTEN,

(5)iE i T H G G5 XI5 YA A, =
B Hg BR2 15K HEBR RS, AR He VI RE
FEHEESEHZ —,Cd Zn . Pb I Cu 7] BESR B 157K HEWHE

SURE, DG KREBA BT 32, Ni\Mn As,, Cr
K B 57K BBk . Hg . Cd J2 KSR T {58 X - 3 s TR 24
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